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Abstract: This paper deals with the rainfall data analysis of environmental impacts on the 
recharge of groundwater system of Bhanpura area, Mandsaur region in India for a period of 27 
years to visualized the variation trends. The data analysis involves treatment by mathematical and 
statistical methods. The variation trend of rainfall indicates a fairly wide range of positive and 
negative roll of rainfall to the groundwater reservoir. 
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Introduction:  
Rainfall is a vital meteorological factor influencing 
the augmentation of groundwater system. This 
dynamic factor has been frequently considered as 
the amount of liquid precipitation (Navarra, 1979; 
Linsley et al., 1982 and defined by Weisner (1970) 
as “Precipitation is the depositing of water from the 
atmosphere on the surface. This deposit may be in 
the form of solid or liquids. Rainfall is the 
Precipitation of liquid water characterising drops 
having more than 0.5 diameters with an intensity of 
1.25 mm/hr”. According to Karanth (1987, 2003) 
elaborated the term Precipitation as “the 
atmospheric discharge of water in the solid (hail, 
snow) or liquid (rain) state on the earth‟s surface”. 
Hence, „rainfall‟ is generally called as precipitation 
that comes from the atmosphere to the earth 
surface. The surface water resources become 
almost full during the rainfall and rain water is 
entered into the subsurface through the joint, 
fracture and vegetation. It is usually expressed in 
depth of precipitated water in inch or cm measured 
by the rain gauge for selected time period (Tolman, 
1937). Principally, rainfall is represented by a 
graph and curve plotted in inch or cm. The 
environmental consequence results from surplus 
than the annual average rainfall causes the flood, 
damage road, transport and communication system 
and effects the crop and vegetation. Whereas the 
shortage of rainfall results into drought condition 
and also influence the growth of agriculture and 
plants. 
Study Area 
The rainfall data analysis of Bhanpura area located 
in Mandsaur district of Madhya Pradesh, India. The 
study area is limited to latitude 24
o30‟ to 24o40‟ N 
and longitude 75
o38‟ to 75045‟ E (Survey of India 
Toposheet No. 45 P/10; Figure 1). The area is 
approachable throughout the year both by road and 
rail. Geologically Bhanpura area is occupied by 
Kaimur Sandstone (Upper Vindhyan, Precambrian) 
and Basaltic lava flows of Deccan traps (Lower 
Eocene to Upper-Cretaceous) 
         
 
         Figure 1 Location Map of the Bhanpura study area, Mandsaur district, Madhya Pradesh. 
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Methodology 
Rainfall data are recorded by rain gauges of two types (1) Non-Recorded Type, and (2) Recorded Type. In India, 
Symons Type rain gauge is commonly used which provides the depth of rainfall during previous twenty four 
hours.  
The rain water is daily measured in the rain gauge. Recorded rain gauge is also called as self recording, 
automatic or integrating rain gauge. It provides a continuous record of intensity and duration of rainfall during 
different time intervals of the day (Raghunath, 1982, 1985). Generally, the rainfall data are recorded hourly, 
daily, monthly, and yearly by means of standard rain gauges. The unit of measurement is expressed in the inch, 
cm. mm. and m. 
Rainfall Data Analysis  
Rainfall data of Bhanpura area have been collected from the Office of District Collector, Mandsaur, for a period 
of 27 years (1986 to 2012; Table 1). The data have been subjected to both the mathematical and statistical 
analyses. The procedure of rainfall data analysis has been elaborated herein.  
Table 1 Monsoon seasonal rainfall data record (1986 to 2012) of Bhanpura area, Mandsaur district 
(M.P.).  
S.
No 
Year Jan Feb. Mar Apl May Jun Jul Aug Sep Oct Nov Dec Total 
1 1986 - - - - - 103 806.5 257 21 12 - - 1199.5 
2 1987 - - - - - - 84 581 56 99 - - 820 
3 1988 - - - - - 174 145 209 75 22 - - 625 
4 1989 - - - - - 50 196.3 248.9 48.3 - 16.2  559.7 
5 1990 - 6.0 - - 57.6 155.4 144.2 328.1 197.4 - - - 888.7 
6 1991 - - - - -                      14 309 378 719 - - - 1420 
7 1992 - - - - 21.0 7 447.2 236.3 63.4 64.3 52.3 - 891.5 
8 1993 - - 11.3 - - 109.4 302.3 222.3 153 - - - 798.3 
9 1994 10.0 - - - - 192 381 369 95 - - - 1037 
10 1995 - - - - - 22.3 263.7 199 153 14.2 - 10.2 662.4 
11 1996 - - - - - 43.02 452.18 483.2 297.1 20 - - 1295.5 
12 1997 - - - 6.0 - 63 364 273 64 59 24 64 917 
13 1998 - - - - - 51 266.06 95 219 77 - - 708.1 
14 1999 - 43 - - - 53… 535 73 254 80 - - 1038 
15 2000 - - - 12.04 458.02 24 - 58.08 28.2 0.3 - - 580.64 
16 2001 - - - - 81.2 194 588 145.4 - - - - 1008.6 
17 2002 - 12.4 - 1.1 10.2 112.6 31.4 239.2 120.8 - 0.6 - 528.2 
18 2003 2.2 31.6 - - - 105 130 188.4 197.6 - - 0.8 552.1 
19 2004 2.4 - - - 6.2 56.2 201.8 696.2 7.6 32 - - 1002.4 
20 2005 1.04 - 0.8 0.6 - 107 283.2 177 129.2 - - - 698.84 
21 2006 - - 17.6 - 22.6 95.6 369 671.4 438.4 - - - 1614.6 
22 2007 - - - - - 34.2 262 239 115 - - - 650.2 
23 2008 - - 1.6 - 5..2 137 233 151.4 140.8 - 22.2 - 691.2 
24 2009 - - - - - 52.2 254 192 150.4 39.2 13.4 1.2 702.4 
25 2010 1.6 2.2 - - - 7.6 394 266.8 37.2 1.2 - - 910.4 
26 2011 - - - - - 305.2 257.8 364.2 284.5 - - - 1211.7 
27 2012 2.0 - - - 40.4 - 300.6 300.9 58.6 - - - 702.5 
Total 19.2
4 
95.2 31.3 19.64 702.42 2267.7
6 
8001.24 7642.78 4123.5 520.
2 
128.
7 
76.2 23714.4
8 
Average 0.71 3.52 1.15 0.72 26.01 83.99 296.34 283.06 152.72 19.2
7 
4.77 2.82 878.31 
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Figure 2 Seasonal rainfall variation of Bhanpura area during from 1986 to 2012. 
 
 
Figure 3 Average monthly rainfall data of study area during period from 1986 to 2012. 
A. Mathematical Analysis: 
Mathematical analysis of the rainfall data includes the determination of average rainfall by adding and dividing 
by total numbers of observations on the month and year on the basis of the data under analysis (27 years from 
1986 to 2012). The computed monthly, yearly and total annual average, departure from the average annual 
rainfall and cumulative departure values of rainfall data have been displayed by using both the tabular and 
graphical techniques (Table 1, 2., Figure 2 to 5).   
The minimum rainfall has been recorded as 528.2 mm (2002) and maximum rainfall 1614.60 mm (2006) with 
an annual average value of 878.31 mm. The rainfall data reflect a variation trend of decrease and increase in the 
amount and frequency of rainfall at more or less regular intervals.  
The monthly minimum rainfall is negligible from (January 0.68 to April 0.78) rises from May to July being the 
maximum and from August it reduces till October and during November and December the rainfall is very less. 
The highest peak of rainfall is observed during the July (Figure 3).  
Table 2 Annual rainfall its departure and cumulative departure from average annual rainfall in 
Bhanpura area during. 
S. No. Year Total Rainfall 
in mm 
Departures from Average 
Annual Rainfall 
Cumulative Departure 
from Average rainfall 
1 1986 1199.5 +321.19 +321.19 
2 1987 820 -58.31 +262.88 
3 1988 625 -253.31 +9.57 
4 1989 559.7 -318.61 -309.04 
5 1990 888.7 +10.39 -298.65 
6 1991 1420 +541.69 +243.04 
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S. No. Year Total Rainfall 
in mm 
Departures from Average 
Annual Rainfall 
Cumulative Departure 
from Average rainfall 
7 1992 891.5 +13.19 +256.23 
8 1993 798.3 -80.01 +176.22 
9 1994 1037 +158.69 +334.91 
10 1995 662.4 -215.91 +119.00 
11 1996 1295.5 +417.19 +536.19 
12 1997 917 +38.69 +574.88 
13 1998 708.1 -170.21 +404.67 
14 1999 1038 +159.69 +564.36 
15 2000 580.64 -297.67 +266.69 
16 2001 1008.6 +130.29 +396.98 
17 2002 528.2 -350.11 +46.87 
18 2003 552.1 -326.21 -279.34 
19 2004 1002.4 +124.09 -155.25 
20 2005 698.84 -179.47 -334.72 
21 2006 1614.6 +736.29 +401.57 
22 2007 650.2 -228.11 +173.46 
23 2008 691.2 -187.11 -13.65 
24 2009 702.4 -175.91 -189.56 
25 2010 910.4 +32.09 -157.47 
26 2011 1211.7 +333.39 +175.92 
27 2012 702.5 -175.81 +0.11 
          Average Rainfall = 878.31 mm            
 
The calculated value of the departure and the cumulative departure from the average annual rainfall computed 
for the period of 1986 to 2012 have been displayed (Table 2; Figure 4, 5). The years of 1986, 1990, 1991, 1992, 
1994, 1996, 1997, 1998, 1999, 2001, 2004, 2006, 2010 and 2011 are indicating departure more than the average 
annual rainfall as compared to years of 1987, 1988, 1989, 1993, 1995, 2000, 2002, 2003, 2005, 2007, 2008, 
2009 and 2012 revealing the less departure from the average rainfall.  
The highest peaks of rainfall have been recorded during the years of 1986 to 1988, 1991 to 2002, 2006 to 2007 
and 2011 showing the cumulative departure more than the departure of average annual rainfall. The highest 
values indicate positive trend of recharge of groundwater, whereas the years yielding lower values than the 
average rainfall values indicate negative period of the recharge to the groundwater system.  
 
   Figure 4 Departure trends of rainfall data of Bhanpura area.  
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   Figure 5 Cumulative departure trends of rainfall data of the study area. 
B. Statistical Analysis:  
The diverse methods of statistical analysis have been projected by number of workers including Mahmood 
(1977), Croxton et al. (1988) and Davis (1986, 2002). The statistical methods are used for rainfall data analysis 
of the Bhanpura area, for the period of 27 years from 1986 to 2012 (Table 3). The analysis includes 
determinations of central tendency (Mean, median and mode), Skewness Dispersion, Standard Deviation and 
Time series analysis. The mean rainfall of study area has been computed as analysed 892.59 mm. The median 
and mode of the rainfall data have been calculated as 820 and 711.11 respectively. The standard deviation of 
rainfall period of has been determined as 305.41.  The coefficient of dispersion and coefficient of variation have 
been calculated 0.342 and 34.21 respectively.  
Table 3 Determination of Statistical parameters (frequency distribution) of rainfall data of the Bhanpura 
study area, Mandsaur district, Madhya Pradesh. 
Class 
interval in 
mm. 
Mid values 
of the class 
 
Frequencies 
(f) 
 
u= (X-A)/h 
 
f × u 
 
U
2 
 
f × u
2 
 
C.f. 
400-600 500 4 -3 -12 9 36 4 
600-800 700 9 -2 -18 4 36 12 
800-1000 900 5 -1 -5 1 5 17 
1000-1200 1100 5 0 0 0 0 22 
1200-1400 1300 2 1 2 1 2 23 
1400-1600 1500 1 2 2 4 4 24 
1600-1800 1700 1 3 3 9 9 25 
Total 7700 ∑f = 27 ∑u = 0 ∑fu= -28  ∑fu2=92  
 
 Abbreviations 
 A  =  1100,   h = 200,  c.f. = cumulative frequencies 
 
The coefficient of skewness of rainfall is 0.594. The procedure of determination of statistical parameters has 
been described below: 
 Mean: 
Mean for a set of observation is computed based on the sum of observations divided by number of observations. 
It is computed by the formula: 
Mean   =    A+ ( ∑ƒu × h) / N 
Where, 
               A   =    Assumed mean     =   1100 
                h    =    Class interval        =   200 
               N    =    Total Frequency    = 27 
               fu   =  -28 
                     =   1100 + (-28) × 200 / 27 
                     =   1100 - 5600 / 27 
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                     =   1100 – 207.407 
Mean           =   892.593 mm. 
 
 Median: 
The median is that value of the variable which divides the group into two equal parts, one 
part comprising all values greater and the other part having all values less than the       median. It is computed by 
the given formula: 
Median = l + h / f (N/2 - C) 
 Where, 
              l     =    Lower limit of median class =  1000 
              f    =    Frequency of median class   =   5 
              h    =    Magnitude of median class = 200 
              C   =    Cumulative Frequency of the class Preceding the median = 18 
Median        =    1000 + 200 / 5 (27/2 - 18) 
Median       =    820 mm. 
 
 Mode   
The value of variable which occurs in most frequency in a distribution is called the mode. It is calculated by the 
following formula: 
Mode        = l +   h × ( fm – fl ) / 2 fm –fl - f2 
Where, 
             l   =    Lower limit of modal class   =  600 
             h   =    Class interval                       = 200 
             fm    =   Frequency of mode class  =  9 
             fl    =   Frequency of class proceeding the mode class  =  4 
             f2   =   Frequency of class succeeding the mode class    = 5 
Mode        =     600 + 200 (9 - 4) / 2 (9 - 4 – 5) 
Mode        =     711.11 mm. 
 
 Standard Deviation: 
Standard Deviation of S.D. is the positive root of arithmetic mean of the square deviations of various values 
from their arithmetic mean. 
It is determined by the formula: 
         S.D.              =   h√
  
 
 
  
  
 
   
 Where, 
           S.D.      =    Standard deviation 
           N          =    Total frequency 
             h         =    Class interval         
                           =    √
  
  
   
  
  
   
                      =    √      
         S.D.       =    305.41 
 Coefficient of Dispersion: 
Coefficient of dispersion is defined as the measure of scatteredness. It is determined by given expression:     
Coefficient of Dispersion =   Standard Deviation / Mean  
                                           =     305.41/ 892.59     
                                C. D.  =    0.342 
 Coefficient of Variation: 
Coefficient of Variation is expressed as the percentage variation in the mean, standard deviation being 
considered mean as the total variation in the mean. It is computed by the following formula: 
Coefficient of Variation       =   100 × (Standard Deviation / Mean)  
                                              =   100 × 0.342   
                                  C. V.    =   34.21 
 Coefficient of Skewness: 
Coefficient of Skewness is the lack of symmetry in the given distribution. It is calculated by the formulas: 
 Coefficient of Skewness = (Mean – Mode) / Standard deviation 
                                         = 892. 59 – 711.11/ 305.41 
                             C. S.     = 0.594 
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Time Series Analysis 
The Time series analysis has been applied to determine future expected trend of rainfall. The time series 
analysis provides important information‟s regarding the trend of a series of observation. The trend value can be 
measured by the equation and from with of expected trend of rainfall in future. The values of „a‟ and „b‟ must be 
determined from the observed data. This is done by simultaneous solving of to normal equation. 
 ∑y = Na + b ∑x………………………………… (a) 
 ∑xy = a ∑x + ∑x2………………………………. (b) 
The values of the different elements in the above equation have been determined by considering y as variable 
(annual rainfall) as x constant (year). The determinations are made as per the following procedure: 
∑x = 0,    ∑y = 23714.48,   ∑x2 = 1638,  ∑xy = -3525.52,   x3= 0 
Substimulating these values in normal equation (a) and (b), two equations (c) and (d) are developed. 
23714.48 = 27a + b0…………………………………..(c)   
-3525.52 = a0 + b 1638………………………………. (d) 
Solving equation (c) and (d) the values of a = 878.31and b = - 2.15 are obtained and respectively. The future 
forecast of rain amount for a period from 2013 to 2022 has been made. The equation can be followed for 
expected rainfall.  
Yc   = a + b (x -1998) 
The procedure of time series analysis of the study area has been displayed (Table 4). 
 
Table 4 Time series analysis of rainfall data of the study area. 
S. No. Year X
 
Y X
2 
XY X
3 
1 1986 -13 1199.5 169 -15593.5 -2197 
2 1987 -12 820 144 -9840 -1728 
3 1988 -11 625 121 -6875 -1331 
4 1989 -10 559.7 100 -5597 -1000 
5 1990 -9 888.7 81 -7998.3 -729 
6 1991 8 1420 64 -11360 -512 
7 1992 -7 891.5 49 -6240.5 -343 
8 1993 -6 798.3 36 -4789.8 -216 
9 1994 -5 1037 25 -5185 -125 
10 1995 -4 662.4 16 -2649.6 -64 
11 1996 -3 1295.5 9 -3886.5 -27 
12 1997 -2 917 4 -1834 -8 
13 1998 -1 708.1 1 -708.1 -1 
14 1999 0 1038 0 0 0 
15 2000 1 580.64 1 580.64 1 
16 2001 2 1008.6 4 2017.2 8 
17 2002 3 528.2 9 1584.6 27 
18 2003 4 552.1 16 2208.4 64 
19 2004 5 1002.4 25 5012 125 
20 2005 6 698.84 36 4193.04 216 
21 2006 7 1614.6 49 11302.2 343 
22 2007 8 650.2 64 5201.6 512 
23 2008 9 691.2 81 6220.8 729 
24 2009 10 702.4 100 7024 1000 
25 2010 11 910.4 121 10014.4 1331 
26 2011 12 1211.7 144 14540.4 1728 
27 2012 13 702.5 169 9132.5 2197 
  ∑x=0 ∑y=23714.48 ∑x21638 ∑xy= -3525.52 ∑x3=0 
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Table 5 The expected rainfall would be during the years of 2013 to 2022.  
S. No. Years Expected Rainfall S. No. Years Expected Rainfall 
1 2013 850.36 6 2018 839.61 
2 2014 848.21 7 2019 837.46 
3 2015 846.06 8 2020 835.31 
4 2016 843.91 9 2021 833.16 
5 2017 841.76 10 2022 831.01 
 
The expected future rainfall indicates a decreasing trend and is exhibited by a straight line (Figure 6).  
  
 Figure 6 Expected rainfall on the period of 2013 to 2022 Bhanpura area, M.P. 
Environmental Impact of the Rainfall  
Rainfall is one of the most important 
meteorological parameters that affect the 
environmental system with both valuable and 
harmful aspects all through the world. The 
excessive rains are source of river flooding and 
very little rains develop the drought circumstances. 
Rainfall plays a valuable part in the highest growth 
of agriculture. It is a recognized truth that rainfall 
greatly affects the growth of plants and crops. The 
tropical plants require about 250 cm rains for their 
continued existence but cactus survives even in a 
less significant amount of rainfall.  
The rainfall plays a vital role in environmental 
entity as a main source for the recharge of ground 
water system. In India, it is acting a principal role 
in the optimum development of agriculture. It has 
been observed that even a delay of few days in the 
advent of monsoon rainfall affect the economy of 
the country. It has been remarked by Todd (1980) 
that “Ground water levels may show seasonal 
variation due to rainfall. Drought extending over a 
period of several years, contribute to declining 
water level”. The rainfall data analysis of Bhanpura 
area in Madhya Pradesh exhibits practically a good 
range and inconsistent trend of variation in amount 
and frequency, resulting in depletion of ground 
water levels and thus affecting the recharge 
phenomena of the ground water system. It is 
considered suitable that the implementation of a 
appropriate plan for rainwater harvesting will 
augment the recharge phenomena of ground water 
reservoir.  The estimation of a anticipated future 
trend of rainfall also supports the need of rainwater 
harvesting scheme and augmentation of the ground 
water resource by artificial recharge system in 
order to provide regular water supply in the 
Bhanpura study area. 
Conclusion  
Rainfall is an important hydrometeorological factor 
that plays an imperative role in environmental 
entity as a major source for the recharge of 
groundwater structure. The rainfall data analysis of 
27 years from 1986 to 2012 has been carried out by 
following both mathematical and statistical 
techniques. The mathematical analysis determines 
annual average value of rainfall as 878.3 mm. The 
years of 1986, 1990, 1991, 1992, 1994, 1996, 1997, 
1998, 1999, 2001, 2004, 2006, 2010 and 2011 are 
indicating departure more than the average annual 
rainfall. The highest peaks of rainfall have been 
recorded during the years of 1986 to 1988, 1991 to 
2002, 2006 to 2007 and 2011 showing the 
cumulative departure more than the departure of 
average annual rainfall. These values indicate 
positive trend of recharge of groundwater, The 
statistical analysis has been computed for 
determination of mean (892.593 mm), median (820 
mm), mode (711.11 mm), standard deviation 
(305.41), co-efficient of dispersion (0.342), co-
efficient of variation (34.21) and skewness (0.594). 
The time series analysis of the rainfall data has 
been conducted for the approximation of future 
rainfall trend for the next ten years that indicates 
negative trend of recharge. The environmental 
impacts of rainfall parameter in recharge 
phenomena of groundwater system have been 
discussed. 
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